Resting metabolic (RMR) rate was shown to be associated with chronic inflammatory conditions. In this study, we aimed to investigate whether RMR differs significantly in patients with non-alcoholic steatohepatitis (NASH) from patients with non-alcoholic fatty liver disease (NAFLD) without evidence of inflammation.
NAFL is usually the benign histopathological subtype of NAFLD and the development of liver-related morbidity is rarely seen. On the other hand, non-alcoholic steatohepatitis (NASH) leads to inflammation and hepatocellular damage, which has a stronger potential to progress into end-stage liver failure and hepatocellular carcinoma. [1] Although there are ongoing clinical trials, there is no approved pharmacological therapy in NAFLD. The first-line therapeutic option in NAFLD independent from the histopathological form still remains as loss of weight and prevention of weight gain, as well as lifestyle changes, including a healthy diet and regular physical activity. [3] Many clinical studies showed that slight and moderate loss of weight improved insulin sensitivity, liver transaminase levels and hepatic steatosis. [4] [5] [6] At least a 7-10% loss in body weight could even lead to the resolution of NASH and regression in the fibrosis stage. [7] In the prescription of a diet, the energy requirement constructs the cornerstone of the nutritional recommendation. The energy requirement is defined as the amount of nutrients that an individual should take daily based on age, sex, body weight, height, and the level of physical activity to grow or to survive. Body weight is an indication of whether the energy intake is sufficient. [8] Energy is consumed by the human body as defined by the basal metabolism rate (BMR), thermic effects of food, and activity thermogenesis. These three components constitute the total energy expenditure. The resting metabolic rate (RMR) is the amount of energy that the body needs to maintain homeostasis. RMR does not include thermogenesis, physical activity, or other components of energy expenditure, and is approximately 10-20% higher than BMR. [9] It is stated that a low and/or high level of RMR may be associated with various comorbidities. [10] Low levels of RMR can be a risk factor for metabolic syndrome [11] and insulin resistance, [12] whereas low RMR has a negative impact on the metabolic profile in obese individuals. [10] For the comparison of patients with various body sizes to adjust the effects of increased weight on RMR or RMR per kg, body weight was also demonstrated for further use. [10] Introduction Non-alcoholic fatty liver (NAFL) disease (NAFLD) is a clinicopathological condition that is characterized by hepatic fat accumulation when other etiologies are excluded. [1] NAFLD may be seen on a wide clinical spectrum ranging from hepatic steatosis to steatohepatitis and even hepatic fibrosis resulted in liver-related morbidity and mortality. [2] 
Materials and Methods Patients
A total of 79 patients, who were presented to their routine follow-ups in Marmara University Institute of Gastroenterology between December 2017 and March 2018, were enrolled in this study. The patients who were followed up under the diagnosis of NAFLD with a body mass index (BMI)≥25 kg/m 2 and volunteered to participate in this study were included. The exclusion criteria were as follows: having smoked in the past one hour, having performed heavy physical activity up to 24 hours ago, having eaten food up to four hours ago, having alcoholic liver disease, having chronic obstructive pulmonary disease, having drunk tea or coffee up to four hours ago, and being in the menstruation period for female patients. The participants' demographic data, clinical and biochemical findings were obtained from the patients' files. A BMI of ≥25 kg/m 2 was defined as overweight.
The study patients consisted of two groups as follows: 1) biopsy-proven NASH patients 2) NAFLD patients, in whom hepatic steatosis was concluded according to transient elastography (TE) examination and diagnosis of NASH was excluded in the absence of elevated liver transaminases and absence of fibrosis in TE examinations.
Data Collection
The data regarding nutritional habits were collected with face-to-face interviews. The dietary status of the individuals was determined using the food consumption recording method while their physical activity status was determined according to the International Physical Activity Questionnaire. [14] Body composition data were obtained using bioimpedance analysis via Inbody 120R according to the manufacturer's instructions. Waist and hip circumferences were measured using a non-stretching measuring tape.
Indirect Calorimeter Measurement
In the indirect calorimeter measurement method, the individual's oxygen consumption and carbon dioxide production are measured for a certain period of time. The Weir equation and the fixed respiratory coefficient value of 0.85 are used to convert oxygen consumption to RMR. [15] Attention was paid to ensure that the individual whose values were measured had been hungry for four-five hours, had not smoked or drunk alcohol up to two hours before this measurement, had not done moderate exercise up to two hours previous, and had not performed heavy exercise up to 14 hours before this measurement. The measurements took for 15 minutes with the individual in a resting position. [16] 
Fibroscan Examinations
All the Fibroscan examinations were performed using Fibroscan 502 touch device following the manufacturer's instructions (Echosens SA, Paris, France) by a single operator (YY). The examinations were started with M probe. The probe was switched to XL following the automatic probe selection tool displayed in real-time, which is based on the skin to liver capsule distance. The patients were placed in the dorsal decubitus position, and the transducer probe was positioned in the intercostal space of the right lobe of the liver. The reliable TE measurement was defined as at least 10 valid measurements and having an interquartilerange-to-median ratio of ≤0.3. [17] Controlled attenuation parameter (CAP) was used for estimation of hepatic steatosis and liver stiffness measurement (LSM) for liver fibrosis. The information about the mea-surement of LSM and CAP in TE was as provided in detail previously. A CAP cutoff of >238 dB/m indicated hepatic steatosis. [18] An LSM>7 kPa was used for the exclusion of the presence of fibrosis. [19] 
Liver Histology
The liver biopsy conditions were described in detail previously. [20] The liver biopsy specimens were evaluated according to two approved scores: The specimens were scored according to the Steatosis, Activity and Fibrosis/Fatty Liver Inhibition of Progression histological algorithm and categorized into non-NASH and NASH [21] by a pathologist expertized in the liver.
Statistical Analysis
The statistical analysis conducted as male and female subjects separately. The categorical data were presented as counts and percentages and continuous data as median [minimum-maximum]. The categorical variables were assessed using the chi-square test. Due to the small number of the groups, continuous variables were assessed using the nonparametric tests. Continuous variables were compared using the Mann-Whitney U test. The statistical analysis was conducted using SPSS 22.0, and p<0.05 was considered statistically significant. 
Ethics

Results
This study consisted of 79 patients (41 male, 38 female). The general characteristics of the study patients are depicted in Table 1 separately analyzed according to gender. Of the 41 male patients, 30 (73.2%) of them had NASH, and 11 (26.8%) of them had NAFLD, whereas from 38 female patients 12 (31.6%) of them had NASH and 26 (61.8%) of them had NAFLD. In both gender groups, the consumption amount of macronutrients usually did not significantly differ between patients with NASH and NAFLD, as shown in Table 2 . Only female NAFLD patients consumed significantly more amount of fat than female patients with NASH (p=0.008). Among both genders, both patients with NASH and NAFLD had mostly a sedentary lifestyle. Among males, 73.3% (n=22) of the NASH patients and 81.8% (n=9) of the NAFLD patients (p=0.700) and among females, 75% (n=9) of the NASH patients and 92.3% (n=24) (p=0.301) had low physical activity level.
The histological characteristics of the NASH patients are presented in Figure 1 . 
Discussion
In this study, we compared for the first time RMR of the patients with NASH and NAFLD without evidence of steatohepatitis and found that there was no significant association between having NASH and RMR value among patients with the same gender. However, only among female patients, we found a statistically significant difference between RMR per body weight values in comparison to patients with NASH and NAFLD.
A Westernized diet consisted of high-calorie intake, mostly saturated fats, refined carbohydrates and fructose is associated with increased risk of weight gain, obesity and NAFLD. [22] Moreover, an unhealthy diet, including high-calorie intake, obesity and a sedentary lifestyle, are more commonly observed among individuals with NAFLD. [23] In this context, NAFLD was shown to be strongly associated with the presence of metabolic syndrome, type 2 diabetes mellitus and hypertension and the likelihood of NASH increases parallelly to the number of accompanying comorbidities. [24] As reported previously, both obesity and type 2 diabetes mellitus are characterized by impaired insulin sensitivity and low-grade inflammation. [25] Furthermore, in obese patients with impaired glucose tolerance was associated with higher levels of RMR compared to obese patients without impaired glucose metabolism. [26, 27] Considering the significantly positive association between RMR and C-reactive protein level, which is an acute-phase protein, was reported among patients with chronic diseases, [28, 29] which may be further explained by increased energy costs in the presence of inflammation as in NASH. [30] However, in our study, we could not provide an implicit evidence for a positive association with RMR and NASH. This could be further explained by the effects of age and accompanying chronic diseases on the RMR status of the patients, although we evaluated the RMR status gender-specific to minimize this interfering effect. On the other hand, following the positive association between obesity and RMR, [26, 27] the concept of the RMR per body weight may be more useful in the evaluation of energy consumption status and indirectly inflammatory status of the NAFLD patients by minimizing the effects of body weight.
There are some limitations to this study. Firstly, the number of patients recruited in the present study was relatively low. Secondly, due to the ethical reasons, we could not confirm the diagnosis of NAFL in patients with NAFLD without evidence of steatohepatitis with liver biopsy in those patients who were recruited for this study with the absence of NASH. Thirdly, we did not match patients according to comorbid diseases, such as hypertension and type 2 diabetes mellitus, which may significantly affect the comparison of the patients' metabolic rate. Despite all of these limitations, this work contributes to the literature providing an assessment of RMR between patients with NAFLD and NASH both in males and females.
Conclusion
In conclusion, RMR was not significantly associated with NASH, which indicates inflammation of liver among NAFLD patients. Only RMR per body weight in females remained statistically higher in NASH patients compared to NAFLD without evidence of steatohepatitis. Our findings suggest that RMR may be neglected in the prescription of diet to NAFLD patients. However, considering the relationship between increased RMR in other chronic diseases, which is in close relationship with NASH, [10] [11] [12] further studies with a larger population should be designed for more accurate results.
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